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THE purpose of this paper is to record certain experiments concerned
with the action of anti-coagulants and to bring forward the conclusions
which appear to us to arise therefrom. The nomenclature employed
will be that of Pawlow and Morawitz. The interpretation we place
on their terminology is the following:

Thrombin is that body which when calcium-free will coaguilate
oxalated blood.

Thrombokinase is that body present in tissue extracts which when
added to blood hastens its coagulation, but which when calcium-free
will not coagulate oxalated blood.

Prothrombin is that body present in blood and in fibrinogen
solutions (Mellanby) which when added to thrombokinase and calcium
brings about the production of thrombin.

The thrombin employed was prepared by Gamgee's method, i.e. by
extracting washed fibrin with 5 0/0 NaCl solution. For this purpose
sheep's fibrin was used. This always produced a very active thrombin.

The tissue extracts were prepared bv pounding tissues with sand
and extracting with distilled water. The thymus or testis of a rabbit
was the tissue uised.

The interpretation of terms given above is an attempt to express
the results of experiment without any admixture with theory. That
three bodies exist with these attributes is demonstrable, but in giving
them names we do not intend to imply any more than if we called them
A, B and C.

Method. The following method was employed to determine co-
agulation times. The blood to be investigated was placed on a piece of
glass. In certain instances the experiment was conducted at room
temperature, in others on the top of a water bath. These instances
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120 B. J. COLLINGWOOD AND M. T. MACMAHON.
will be noted. A very fine piece of glass was pulled out in the flame
and this was drawn through the blood at short intervals of time until
a clot adhered. There is no doubt that this method is capable of
discovering extremely fine threads of fibrin and gives remarkably
accurate results. In a few experiments the blood was sealed in a
capillary tube and placed in a water bath. In these cases the occurrence
of coagulation was determined by the naked eye appearance and by
blowing the contents of the tube on to filter paper (Almroth Wright).

In every instance the blood used was human blood drawn by
punctture with a sterile glass needle from the tip of the finger. The
results of the experiments are thus only applicable to human blood.

Care was taken that the blood drawn should not be contaminated by
the dried blood of a previous puncture, a very necessary precaution.
The amounts of blood used were in all instances small, and the various
mixtures entailed by the experiments were made by the capillary tube
methods which have been so highly developed by Sir Almroth
Wright.

The term anti-coagulant is used in preference to anti-ferment
because it leaves open the question whether any specified inhibition of
coagulation is due to a true anti-body to one or other of the factors of
coagulation. For instance, serum destroys the activity of thrombokinase,
but there are reasons for doubting that this destruction is due entirely
to an anti-thrombokinase, yet this destruction is certainly anti-coagulant
in action in that it removes one of the essentials to the formation of a
coagulum. On the other hand, the power of destroying thrombin which
exists in blood and serum shows strong evidence of being due to a true
anti-body. In the first instance some at least of the thrombokinase can
be recovered by suitable treatment, in the second instance the thrombin
is irrecoverable. In this difference rests the distinction we intend
between the terms a simple anti-coagulant and a true anti-body.

Destruction of thrombin in blood and serum.
Mellanby' injected a large amount of thrombin into a cat without

inducing intravascular coagulation. More recently Davis2 has obtained
similar results. Both these observers interpret the absence of intra-
vascular clotting as dependent on the presence of anti-thrombin in the
circulating blood. By a direct method we arrived at a similar con-
clusion. Blood was oxalated and heated to 560 C. for ten minutes, it

This Journal, Xxxvii. p. 501. 1909. 2 Amer. Journ. Physiol. xxix. p. 160. 1911.



ANTI-COAGULANTS OF BLOOD.

was then mixed with an equal bulk of thrombin. No clotting occurred,
the previous heating having effectually rendered the fibrinogen iucapable
of coagulation. The inixture was kept at room temperature and its
activity tested at intervals by adding some of it to an equal bulk of
oxalated blood and estimating the coagulation time of these various
samples.

Incubation periods of heated Coag. time when added
TABLE I. blood and thrombin to oxalated blood

A. 5 minutes 45 seconds
B. 10 ,, 50 ,
C. 20 ,, 125
D. 30 ,, 195

E. Thrombin + equal bulk of oxalated blood-coag. time 30 seconds.

This table indicates that a rapid destruction of thrombin takes
place in blood. It will be observed that the thrombin was very active
(E), and that it was nearly but not completely destroyed in 30 minutes
(D).

It is still easier to demonstrate the destruction of thrombin in
serum. Mellanbyl using bird's serum showed that it possessed a well
marked power of destroying thrombin rapidly. Working on similar
lines but using buman serum and Gamgee's thrombin, as throughout
these experiments, we arrived at the same conclusion. Two days old
human serum was oxalated and mixed with an equal bulk of thrombin.
The mixture was kept at room temperature and its activity was tested
at intervals by adding some of it to an equal bulk of oxalated blood and
estimating the coagulation time of these various samples.

Incubation periods of Coag. time when addedTA'BLE II. serum and thrombin to oxalated blood

A. 5 minutes 55 seconds
B. 10 ,, 90
C. 20 ,, 255
D. 30 ,, No clot in 15 mins.

These figures show a more rapid destruction of thrombin than in
the case of the oxalated heated blood. The question arose whether
this difference was due to a greater amount of destructive power in
serum, or to the heating of the blood having destroyed a certain amount
of its power of inactivating thrombin. To answer this question two
days old seruim was oxalated and heated to 56' C. for ten minutes. It
was then mixed with an equal bulk of thrombin and its coagulant
activity tested as in Tables I and II.

I This Journal, xxxvm. p. 64. 1908.
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122 B. J. COLLINGWOOD AND M. T. MACMAHON.
Incubation periods of heated Coag. time when added

TABLE III. serum and thrombin to oxalated blood
A. 5 minutes 45 seconds
B. 10 ,, 80
C. 20 ,, 125
D. 30 ,, 225

The next table is given to compare the results obtained with
oxalated heated blood, witlh oxalated heated serum and with oxalated
serum after 30 minutes incubation with thrombin and subsequent
mixing with oxalated blood.

TABLE IV. A. Oxalated heated blood. Coag. time 195 seconds.
B. Oxalated heated serum. ,, 225 ,,
C. Oxalated serum. ,, No clot in 15 minutes.

This comparison indicates a diminution in power of destroying
thrombin in both oxalated beated blood and oxalated heated serum as
compared with uniheated oxalated serum. The fall in both these
instances (A and B) is approximately the samne, the smxiall difference
shown being within the limits of experimental error.

Mellanby was unable by the addition of alkali and subsequent
neutralisation to reactivate the thrombin destroyed in serum, neither
was he able to do so by means of alcohol which he has shown readily
destroys the power of serum to inactivate thrombin. As will be seen
later in another connection we were also unable to reactivate thrombin
in serum (Tables XI and XII). It is reasonable to conclude that serum
and blood both contain anti-thrombin in considerable and approximately
the same amounts, for there are here indications of a true anti-body
and not merely of adsorption of thrombin by the proteins present.

The existence of anti-thrombin in serum being thus demonstrable it
is evident that old sera can contain no thrombin. Mellanbyl states
that serum after standing one hour after coagulation contains practically
no thrombin. We were able to confirm this statement. Freshly shed
blood was allowed to clot and immediately centrifuged, samples of the
serum were taken at intervals and oxalated and their thrombin content
tested by adding them to oxalated blood.

TABLE V. Interval after blood was shed Coag. time when added to oxalated blood

A. 10 minutes. 4 minutes.
B. 15 ,, 7i mins. minute thread.

No more in 15 mins.
C. 30 ,, 30 mins. minute thread.

No more in 15 mins.
D. 120 ,, No clot in 30 mins.

1 This Journal, xxxvmn. p. 96.
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It will be seen that after half an hour the amount of thrombin
present in the serum was very small, and that after-two hours there was
none present. It is owing to this rapid destruction of thrombin in
serum that Mellanby is of opinion that Schmidt's so-called fibrin
ferment as usually prepared can contain little or no thrombin, but that
its coagulant power is due to the presence of thrombokinase and
calcium salts, for unless the serum used be just formed the thrombin
will be destroyed by anti-thrombin and the alcohol subsequently added
will not reactivate the thrombin. The recent work of Rettgerl can be
criticised from this standpoint. This observer states that Schmidt's
fibrin ferment if free from protein is heat stable, and on this ground
concludes that thrombin is not a ferment. This conclusion rests on two
dubious premises. Firstly it is extremely doubtful whether the solution
he used contained any thrombin at all, and secondly it is not certain
that if a ferment could be entirely freed from proteins, it would be
destroyed by boiling. The following procedure was adopted by
Rettger. He boiled for ten minutes some Schmidt's fibrin ferment
which was approximately protein free, he added this to a fibrinogen
solution and obtained no coagulation. He then incubated the boiled
solution with a "trace of dilute NaOH." On adding this incubated
mixture to fibrinogen solution coagulation occurred. To test the
validity of his conclusions we made the following experiments.
Thrombin (Gamgee's) was boiled for ten minutes and then added to
oxalated blood. No coagulation occurred. The boiled solution was
then incubated with a trace of dilute NaOH and added to oxalated
blood. No coagulation occurred. The thrombin used contained some
protein and the absence of reactivation may have been due to the
presence of this protein. But a much more probable explanation of
this divergence from Rettger's results was that it was the thrombo-
kinase in Schmidt's fibrin ferment which he succeeded in reactivating
and not thrombin. To determine whether this were a possible ex-
planation we proceeded as follows. Thrombokinase solution obtained
from a rabbit's testis was boiled for ten minutes and then added to an
equal bulk of freshly shed blood. Coagulation occurred in two and a
half minutes on a water bath at 430 C., which is the normal coagulation
time in these conditions of temperature. The boiled thrombokinase
was then incubated with a trace of dilute NaOH as before. The
incubated mixture was then added to freshly drawn blood. Coagtulation
occurred in 30 seconds on the water bath as above. It is thus clear

I Amer. Journ. Physiol. xxiv. p. 406. 1909.
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124 B. J. COLLINGWOOD AND M. T. MACMAHON.

that thrombokinase rendered inactive by boiling can be reactivated by
the addition of dilute NaOH. In the light of the above experiments
and in the absence of any evidence to the contrary one must pro-
visionally conclude that Rettger's results depended on the reactivation
of thrombokinase and not of thrombin. The confusion of these two
bodies is sure to occur unless all so-called fibrin ferment solutions are
tested by determining whether they will or will not coagulate oxalated
blood when calcium-free themselves.

Mellanby has drawn attention to the partial protection afforded
against anti-thrombin by fibrin to the tbronmbin which is attached to it
in a coagulum. The method of Gamgee for the preparation of
thrombin is an illustration of this protection, for there is no immediate
necessity to wash the fibrin although the blood with which it is soaked
is rich in anti-thrombin. The thrombin by virtue of its attachment to
the fibrin is to a certain degree protected from the action of the anti-
throthbin. Adopting the view that thrombin is a fermnent and making use
of Ehrlich's terminology, one might express the above facts by stating
that anti-thrombin acts by attaching itself to the tibrinophilic haptophore
group of the thrombin, and that the protective action of fibrin is
dependent on the fibrin covering this fibrinophilic group. On such a
hypothesis the haptophore group would be the prothrombin which, as
Mellanby has shown, is closely attached to the fibrinogen in blood.
This would lead us further to expect that anti-thrombin would be also
an anti-prothrombin, a point which will be dealt with later.

Anti-prothrombin in blood and serum.

Before even provisionally adopting the theory just suggested, it
-would be necessary to prove the existence of anti-prothrombin. There
are several reasons for denying the existence of this anti-body, but
whether these reasons be conclusive is another matter. The following
arguments may be brought forward against the presence of this body in
the blood.

I. Oxalated plasma maintains for days its normal power of clotting
on the addition of calcium. Therefore prothrombin is not destroyed in
oxalated plasmna.

IL Prothrombin is a constituent of circulating blood, as proved by
intravascular coagulation following the injection of thrombokinase. It
appears improbable that anti-piothrombin should also be a constituent
of blood.
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IIII. 'Mellanby has shown 'that a serum obtained from bird's
plasma coagulated by thrombin contained prothrombin four hours after
coagulation. It has already been noted that thrombin is'destroyed
entirely' in two hours in serum.

Now it is to be observed that to render these arguments conclusive
it is necessary to prove two hypotheses, viz.

I. Prothrombin in blood, plasma and serum is in a free state
capable of union with anti-prothrombin.

II. That a supposititious prothrombin anti-prothrombin complex is
incapable of dissociation by thrombokinase. Howell has recently
advanced a theory that the action of thrombokinase is to produce this
very dissociation.

Firstly as to the question whether prothrombin is in a free state in
the blood, Mellanby has shown that all solutions of fibrinogen however
obtained contain prothrombin; in other words, that tbere is a very
intimate connection between fibrinogen and prothrombin. Hence the
existence of prothrombin in the blood does not exclude the possibility
of the existence of anti-prothrombin, for the connection of prothrombin
with fibrinogen might act as a protection against the anti-prothrombin.
But if anti-prothrombin be present in blood, there would seem to be no
reason why it should not also be present in serum. Mellanby's ex-
periment quoted above seems at first sight to preclude its existence in
the latter'fluid. The validity of this conclusion again depends on the
supposition that prothrombin was free in the serum Mellanby obtained
and not associated with fibrinogen or some other protein. Such a
supposition we regard as dubious in the light of the following experi-
ments. Blood was oxalated by adding to it half its bulk of "

12-5
potassium oxalate and was then mixed with an equal bulk of thrombin
solution. Complete coagulation resulted, complete'coagulation being
defined as coagulation which allowvs of the inversion of the containing
vessel without any escape of fluid from the clot. The serum was taken
after three hours = S.

These experiments prove that complete coagulation of oxalated
blood by thrombin may produce a serum which on the addition of
more thrombin will coagulate (E). Such a serum must contain
fibrinogen. This serunm also contains' prothrombin after 3 hours (cf A
and B) and also after 3j hours (C). It must also be noted that this
serum contained both thrombin and fibrinogen without spontaneously

1 Amer. Journ. Physiol. xxix. p. 187. 1911.
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clotting and both these bodies being in a free state (B and E). Such a
condition may be compared to fiee toxin and free anti-toxin existing
together in the same solution. The thrombin in the serum, it will be
observed, ultimately disappeared (D) whilst thbefibrinogen remained (E).
Thus in the existing dilutions the thrombin had a greater affinity for
the anti-thrombin than for the fibrinogen. Mellanbyl has shown an
opposite condition of affinity to exist in normal blood.

TABLE VI. 1S+ 1 thrombokinase + 1 n2 - CaCI2 incubated for 5 minutes at room tem-
perature= S'.

A. 3S' + 1 n2 5 potassium oxalate + 4 oxalated blood-small clot in 15 sees., large in
45 sees.

B. 1S+1 oxalated blood-small clot in 20 sees., still small in 15 mins.
Original serum after 34 hours=SS.

1SS+1 thrombokinase + 1
n

CaCl2 incubated for 34 mins. at room temperature = SS'.12-5 2

C. 3SS'+ 1 n potassium oxalate + 4 oxalated blood-large clot in 1 minute.12-5
D. lSS+1 oxalated blood-no clot in 15 mins.
E. SS+ trace of thrombin-marked clot in 2 mins.

Examining Mellanby's results from the point of the above
experiments one observes that there is no proof that the serum he used
contained no fibrinogen. If it did contain fibrinogen, this body could
act as a protection to the prothrombin from the hypothetical anti-
prothrombin. One cannot, therefore, eliminate the possibility of the
existence of anti-protbrombin in blood or in serum on the grounds of
his experiment.

There are on the other hand certain facts which suggest the
existence of anti-prothrombin. Blood contains anti-thrombin in con-
siderable amounts but contains at the most only a small amount of
anti-thrombokinase as will be seen later. Anti-thrombin is accordingly
not an anti-thronmbokinase. If we elect to regard thrombin as a
combination of prothrombin and thrombokinase, we should expect that
anti-thrombin would be either anti-thrombokinase or anti-prothroti bin.
Since it is not anti-thrombokinase there is some reason for regarding
it as identical with anti-prothrombin. Experimental evidence will be
brought forward pointing to the possible existence of anti-prothrombin
in considerable amount in serum.

Attention should be drawn to the important fact that what appears
to the eye to be complete coagulation does not necessarily imply that
no fibrinoggen is left free after the process in the resulting serum. That

1 This Journal, xxxviii. p. 85.
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such is the case renders it uncertain whether coagulation is ever in a
strict sense complete.

The inability to demonstrate a clot in serum on the addition of
thrombin cannot be taken as a proof that no fibrinogen is present, since
one would not expect a trace of fibrinogen to produce a macroscopic
clot. There are certain dilutions of blood in which clotting does not
occur. This fact is illustrated by the method of Nolf and Herey to
determine the relative amounts in plasma of fibrinogen, prothrombin
and thrombokinasel. Further the experiments just described show
that the presence of free thrombin is no proof of the absence of
fibrinogen. Several questions are suggested by these considerations.

1. Is coagulation by thrombin of a thrombokinase-free plasma
complete in a strict sense, that is to say does it produce a fibrinogen-
free serum ?

2. If the serum produced be fibrinogen-free, is the prothrombin
associated with some other protein in the serum ?

3. If the prothrombin be associated with some protein does this
association protect it from anti-prothrombin ?

4. If the serum contain traces of fibrinogen, is the prothrombin all
associated with fibrinogen, and if not is the remainder free, or is it
associated with some other protein in the serum?

Until light is thrown on these questions it iS impossible either to
deny definitely or to assert definitely the existence of anti-prothrombin.
It may be noted here that Mellanby's usual method of preparing sera
containing prothrombin was to use a minimum amount of thrombin.
This would suggest that the sera would contain fibrinogen. In his
experiment quoted above, however, he does not mention the amount
of thrombin he added to the bird's plasma. The following experi-
ments (Tables VII, VIII and IX) were designed to determine the
amount of permanence exhibited by prothrombin in serum to which
nothing was added and in serum which had been incubated with various
substances. Oxalated blood was completely clotted by thrombin, the
containing vessel being inverted without the escape of any fluid. The
clot was then centrifuged. The serum obtained was treated as shown
in the tables, and its prothrombin, thrombin and thrombokinase content
tested at intervals.

Table VII is confirmatory of Mellanby's statements in that it
shows no evidence of destruction of prothrombin. The period of
observation, however, was only 45 mintites.

1 Rev. de MMd. 1909 and 1910.
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Explanation of abbreviations:

Oxal. blood=2 parts blood + 1 part KK oxalate.12-5
Untreated serum= serum to which nothing has been added.

Ca= - Calcium chloride.12-5
K = Thrombokinase solution.
+ Ca + K + oxal. blood = incubation with calcium and thrombokinase (4 minutes in

Tables VII and VIII, and 41 minutes in Table IX), the incubated mixture then
oxalated and added to oxalated blood.

+ Ca + H20 + oxal. blood = similar procedure to above except substitution of water for
thrombokinase.

Incubation with water, thrombin, etc.= admixture of two parts of the serum with one
part of the diluent.

TABLE VII. Period after coagulation.

10 mihs. 15 mins.

+ oxal. blood + Ca + H20 + oxal.
blood

No clot ... No clot ... ...

No thrombin No prothromboki-
present nase* orthrombo-

kinase present

25 mins.

+ Ca + K + oxal.
blood

Clot in 50 secs.
Prothrombin
present

45 mins.

+Ca+K+oxal.
blood

Clot in 47 secs.
Prothrombin pre -
sent, not dimin-
ished in amount

I* The use of the term prothrontbokinase will be explained later (p. 138).

TABLE VIII. Period after coagulation.

Untreated serum

Coag. time ...

Conclusions ...

About 10 minutes

+ oxal. blood... + Ca + K + oxal. blood

Clot in 4' 30" ... Clot in 2' 45"

Some thrombin Some protbrombin
present present

About two hours

+ Ca + K + oxal. blood
No clot in 30 mins.
No thrombin or pro-

thrombin present

The absence of prothrombokinase and of thrombokinase is of interest
and will be alluded to later when dealing with these substances.

In Table IX the influence on prothrombin of thrombin, water and
5 0/0 NaCl was investigated. The thrombin was added on the supposition
that the prothrombin present might have been associated with fibrinogen
and that the thrombin would break down this association and show
whether active prothrombin was or was not left in solution. The water
was added as a control, but the tables show it produced a marked
diminution in prothrombin. The 5 0/o NaCl was added to control the
experiment of incubation with thrombin in 5°/o NaCI solution. The
conclusions from these experiments may be tabulated as follows:-

Untreated
serum

Coag. time
Conclusions
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I. Oxalated blood clotted with thrombin produces a serum con-
taining prothrombin, the amount varying in different specimens.

II. This serum may (Table VIII) or may not (Tables VII and IX)
contain thrombin. If it does contain thrombin, it is ultimately
destroyed.

III. This serum may contain fibrinogen (Table VI E).
IV. This serum in samples investigated contained no prothrombo-

kinase or thrombokinase (Tables VII and IX).
V. The prothrombin in this serum exhibited a diminution on

standing in Tables VIII and IX.
VI. Incubation of the serum with thrombin or water or 5 0/0 NaCl

caused a diminution in the prothrombin of a more marked character
than occurred in untreated serum (Table IX). The most marked
diminution being shown in the case of incubation with thrombin.

TABLE IX. A. Period after coagulation.
Twenty minutes Two hours

Untreated + oxal. blood ... +Ca + H20 + oxal. + Ca+ K + oxal. + Ca + K + oxal.
serum blood blood blood

Coag. time No clot in30mins. No clot in 30 mins. Clot in 25 secs. Clot in 60 sees.

Conclusions No thrombin pre- No prothromboki- Prothrombin Prothrombinpre-
sent nase or thrombo- present sentbutinsmall.

kinase present er amount

B. Period of incubation with thrombin in 5 0/0 NaCI, or with water,
or with 5 0/0 NaCL

20 mins. 60 mins. 60 mins. 70 mins. Conclusions
+ Ca + K + + Ca + K + + Ca + K + + Ca + K +
oxal. blood oxal. blood oxal. blood oxal. blood

5 0/0 NaCl- Clotin3mius. No clot in 30 No observa- No observa- Rapid disap.
Thrombin- mins. tion tion pearance of
Serum prothrombin
Water - Ser- Clot in 1' 40" Clot in 2' 45" No observa- No clot in 20 Lessrapiddis-
um tion minutes appearanceof

prothrombin
5 0/. NaCl- Clot in 1' 20" No observa- No clot in 20 No observa- Stilliessrapid
Serum tion mins. tion disappear-

ance of pro-
thrombin

N.B. The same serum was used in A and B.

The fact that thrombin, water and 50/0 NaCl all produce a diminution
in prothrombin renders it very dangerous to dogmatise on a specific
action of thrombin, although such an action is suggested by the greater
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destructive power shown by thrombin. The instability of prothrombin
is the most obvious fact arising fromn these experitnents, but whether
this instability is due to the inherent nature of prothrombin, or to the
presence of an ae++.prothrombin, or to a combination of these causes is
not disclosed. An investigation into the mode of action of water in
destroying prothrombin appeared to us to be the most promising means
of elucidating the matter. The following question was suggested:-

Is prothrombin under all conditions destroyed by water? This
question can be answered in the negative because (1) fibrinogen solutions
containing active prothrornbin can be prepared by the dilution of plasma
with a large bulk of distilled water, and (2) oxalated blood to which
water is added maintains its power unimpaired of coagulatingr on recalci-
fication. This fact is shown by the following experiment.

TABLE X. 3 parts blood + 1 partn K oxalate =A.12-5
1 part A + 1 part distilled water = WA.

When recalcified Coag. time at room temperature'
A immediately 4 minutes
WA ,,3
A after about 5 hours 5
WA ,, ,, 3 ,

Coag. time of freshly shed blood-4j minutes.

Prothrombin in association with fi brinogen is, therefore, not destroyed
by water. This point being established it indicates that the prothrombin
in Tables VIII and IX was not associated with fibrinogen. A further
question now arises.

Is prothrombin when not associated with fibrinogen always destroyed
by water, or is it only destroyed in serumn obtained from blood and not
in serum obtained from pure fibrinogen solutions ?

If such a distinction as the above can be established, it entails the
existence of anti-prothrombin in serum. The following experiment was
performed to discover whether incubation with water destroyed pro-
thrombin in serum obtained by clotting fibrinogen solution by thrombin.
The fibrinogen was obtained by diluting oxalate plasma with nineteen
times its bulk of distilled water and neutralising with dilute acetic acid.
The fibrinogen was redissolved and thrombin added. Partial but not
complete coagulation occurred. The prothrombin content of the serum
was tested at intervals in the untreated serum and also in the serum to
which water had been added and the mixture allowed to stand. As the
experiments were not completely satisfactory owing to the absence of
complete coagulation, a general statement of the results will suffice.
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Both in the treated and in the untreated sera the prothrombin diminished
in amount on standing, and but little difference in the rate of diminution
was shown in the two cases, although there were indications that the
most marked diminution occurred in the serum incubated with water.

The failure of this experiment to afford a definite result renders it
impossible to state with certainty whether prothrombin in serum
incubated with water is destroyed by the water, or by an anti-
prothrombin. We are forced therefore to leave the question of the
existence of anti-prothrombin in doubt. Apart from this question it
appears to us probable that the stability exhibited by the prothrombin
in the serum obtained by Mellanby was due to the prothrombin being
in association with fibrinogen, in other words to the absence of complete
coagulation in the strict sense.

The action of water in destroying prothrombin (Table IX B) is of
interest in connection with Howell's recently published views on the
action of thrombokinasel. His theory will be dealt with later with
more detail; it will be sufficient to state here that he believes a
prothrombin anti-thrombin complex to exist in the blood which complex
is broken down by thrombokinase and dissociated or weakened by water.
We have found, on the contrary, in the above experiments that the
action of water is to lead to the destruction of prothrombin and not to
its liberation from an anti-body. There can be little doubt that
prothrombin exists in the blood in association with fibrinogen and not
with an anti-body, and that stability of prothrombin depernds on this
association, the breaking down of which leads to the destruction and
not the activation of prothrombin.

Destruction of thrombokinase in serum.

There are certain facts in regard to the behaviour of serum on
standing which indicate the disappearance of thrombokinase. Fresh
serum as has already been stated contains some thrombin, but this is
almost entirely destroyed in an hour (Table V). After the disappearance
of the thrombin the serum if added to freshly shed blood hastens its
coagulation. But this action also disappears after an interval of many
hours. In the following table is shown the result of mixing sera of
various ages with freshly drawn blood and noting the coagulation time
at room temperature.

1 Amer. Journ. Phys. xxix. p. 187. 1911.
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Coag. time of fresh blood+TABLE X. Age of serum equal bulk of serum

A. 1 hour 1+ minutes
B. 2 ,, 31
C. 20 ,, 6 ,
D. 44 ,, 7

Coag. time of fresh blood-7A mins.

These figures show a well marked progressive diminution of coagulant
activity in the serum, but they do not show to what body or bodies the
coagulant activity is due. That it cannot be due to throtnbin is shown
by Table V, where only a trace of thrombin was found in serum half an
hour old. That it is not due to prothrombin may be taken as certain,
for if normal serum, in contradistinction to serum from oxalated blood
clotted with thrombin, be incubated with thrombokinase, no thrombin
is formed; therefore no prothrombin is present in normal serum. Again
even although prothrombin were present, there is no evidence that the
addition of prothrombin to normal blood increases its coagulability. It
is only in the case of haemophilic blood that there is any reason for
supposing that the addition of prothrombin causes such an increase'.
Since then it is neither thrombin nor prothrombin which is responsible
for the coagulant action of serum, we arrive by a, process of exclusion
at the conclusion that the coagulant present is thrombokinase. The loss
of coagulant activity is accordingly due to the disappearance of this
body, which it will be observed has almost entirely gone in serum
20 hours old (C). This is of interest in relation to the treatmnent of
hemoptysis by the injection of normal serum. Such a serum when
injected is at least several days old. The relief of haemoptysis alleged
to follow this treatment cannot be assigned to either thrombin, pro-
thrombin or thrombokinase in the serum, since it will contain none of
these bodies.

The question whether the disappearance of thrombokinase in serum
is due partly or entirely to an anti-thrombokinase can be so far answered
definitely by the statement that it is not due entirely to an anti-
thrombokinase. Experiments justifying this statement will be given
later (Tables XI and XII). Whether it is due partly to an anti-
thrombokinase is not so easy to answer. It will be seen subsequently
(Table XV) that in the case of blood there is reason for believing that
anti-thrombokinase is present in small amounts. If that be so in blood,
it is probable that it is also so in serum. Again a study of Table X
shows that in the first hour of the observation (A and B) a much more

I Addis. Journ. Path. xv. p. 427. 1911.
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rapid fall in activity was shown than in the later periods, which at least
suggests that two factors may be at work, an anti-thrombokinase and
some other more slowly acting factor. The slowness of destruction in
the later period should be compared with the rapidity of destruction of
thrombin in serum in the later period (Table V, B, C and D). Thrombin
is continuously rapidly destroyed, whereas thrombokinase is rapidly
destroyed at first buit only slowly destroyed in the later periods. This
slow destruction is, as will be shown, not due to a true anti-body, for
the resultant is of a different nature to the thrombin anti-thrombin
complex. Mel lanbyl was unable, as already stated, to reactivate
thrombin after its destruction by anti-thrombin. On the other hand,
some at least of the inactivated thrombokinase in serum can be re-
activated by the addition of acid or alkali and subsequent neutralisation
as shown by Schmidt, Morawitz, Fuld and Mellanby, the former
three observers interpreting the resulting increased coagulating power
of the serum as some form of fibrin ferment, whilst Mellanby showed
that the increased power was due to thrombokinase. The following
table illustrates this increased coagulating power after the addition of
alkali to a two days old serum and subsequent neutralisation with
acid.

TABLE XI. A. Serum +equal bulk freshly shed blood-coag. time 110 secs., on top
of water bath at 58° C.

B. Oxalated serum+ equal bulk oxalated blood-no clot in 30 mins., in water bath
at 300 C.

C. Water+ equal bulk freshly shed blood-coag. time 115 secs., on top of water bath
at 580 C.

Serum + equal bulk N NaOH incubated half an hour at 300 C., two bulks of this
Nmixture added to one bulk of 1N H2SO4=RS.

D. RS + equal bulk freshly shed blood-coag. time 55 secs., on top of water bathat 580C.
E. Ditto + ditto-coag. time 59 sees., on top of water bath at 580 C.
F. Oxalated RS+ equal bulk oxalated blood-no clot in 30 mins., in water bath at 300 C.

The following conclusions can be drawn from this table:
1. The untreated serum contained practically no thrombokinase

(cf. A and C).
2. Neither the untreated nor the treated serum contained any

thrombin (B and F).
3. The treatment of the serum with alkali and acid produced a

reactivation of the thrombokinase, but whether this reactivation was
complete or incomplete there are no data to determine.

1 This Journal, xxxviii. p. 88.
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The question arose whether the reactivation exhibited was due to a
specific action of alkali and acid, or to the dilution and incubation in
themselves, or merely to the dilution. The following experiments show
which of these alternatives is correct. The serum used was the same
as in Table XI.

TABLE XII. Serum+ equal bulk H20 incubated half an hour at 300 C., two bulks of
this mixture added to one bulk H2O = WS.

A. WS+equal bulk freshly shed blood-coag. time 60 secs., on top of water bath
at 580 C.

B. Ditto + ditto.-coag. time 57 secs., on top of water bath at 580 C.
C. Oxalated WS + oxalated blood-no clot in 30 mins., in water bath at 300 C.
One bulk serum + two bulks H20 = WWS.
D. WWS + equal bulk freshly shed blood-coag. time 75 secs., on top of water bath

at 580 C.
E. Ditto+ ditto-coag. time 75 secs., on top of water bath at 580 C.

The following concluisions can be drawn from this table:-
1. Incubation with water produces a similar increase of coagula-

ting power to incubation with alkali and subsequent neutralisation
(D and E, Table XI and A and B, Table XII).

2. Dilution with water withouit incubation produces some increase
of coagulating power but less in extent than in the former cases (1)
and E, Table XII).

3. Neither incubation with alkali and subsequent neutralisation
nor incubation with water reactivates any thrombin (F, Table XI and
C, Table XII).

These results (Tables XI and XII) point to the conclusion that the
thrombokinase which is reactivated was not previously united to a
true anti-thrombokinase, but was, as Mellanby suggests, adsorbed to
protein. The release of the thrombokinase produced by incubation
with water points again to the release being a dissociation pheno-
menon.

It might be well here to draw attention to the difference between
the results of incubation with water of a prothrombin containing serum
and a thrombokinase containing serum. In the former case prothrom-
bin quickly shows signs of inactivation, in the latter case thrombokinase
shows immediate signs of activation.

Destruction of thromnbokinase in blood.

At first sight it would seem that thrombokinase is not destroyed in
blood, since oxalated blood maintains for days its power of clotting on

the addition of calcium. There is thus an apparent difference between
the action of blood and serum on thrombokinase. Careful investigation
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lends no support to the conclusion that this difference is more than
apparent. It can be shown that thrombokinase exists in two forms, the
first of which is found in blood immediately it is shed, the second of
which is formed in blood in the period after it is slhed and before it
clots. The first of these is not destroyed in oxalated blood, the second
of these is destroyed in oxalated blood, and it is the second of these
alone which exists and is destroyed in serum. The following Tables
(XIII to XVI) illustrate these facts. In the experiments below blood
was drawn and oxalated after various intervals, and after a few minutes'
interval samples were recalcified and the clotting timnes noted at room
temperature. In no instance did the oxalated blood clot spontaneously,
within one hour.

TABLE XIII. Blood oxalated after Coag. time of sampleshedding at interval of on recalcification
A. 4 minutes 6 minutes
B. 5 ,,5i
C. 6 ,, 4i
D. 7 ,,3
E. 8 ,,2

Coag. time of blood at room temperature 10 minutes. N.B.-T'his time is longer than
the normal. This is probably due to the low temperature of room in above experiments.

This table shows that after blood is shed some change occurs pre-
liminary to the formation of thrombin, the result of this change
declaring itself in the shorter clotting times of the samples which have
been oxalated at longer intervals after shedding. That thrombin is not
formed during this process is proved by the fact that the oxalated
samples did not clot without the addition of calcium. That this process
was the formation of thrombokinase is indicated by the fact that throm-
bokinase is the only factor essential to coagulation which is absent from
circulating blood. This leads us to conclude that there is a precursor
of thrombokinase in freshly shed blood, which may be termed prothrom-
bokinase, this body being present in freshly shed blood, and being
converted by calcium into thrombokinase. The thrombokinase formied
is incapable of activating prothrombin in oxalated blood but requires
the addition of calcium to bring about such an activation. Thrombin,
in the light of these figures, is a late fornmation in the time which
elapses after blood is shed before coagulation occurs, the greater portion
of the coagulation time being occupied by the conversion of prothrom-
bokinase into thrombokinase. The latter samples (D and E) contain
more thrombokinase and less prothrombokinase than the earlier
samples (A and B). Calcium thus plays a double r6le, firstly convert-
ing protbrombokinase into thrombokinase, secondly enabling thrombo-
kinase to convert prothrombin into thiombin.
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It has been stated already that prothrombukinase is not destroyed
in oxalated blood but that thrombokinase is destroyed. This con-
clusion is drawn from the table given below. Blood was drawn
and allowed to stand some time at room temperature before it was
oxalated with the object of allowing the calcium in the blood to convert
some of the prothrombokinase into thrombokinase. Samples of the
oxalated blood were then recalcified at intervals.

TABLE XIV. I. Blood allowed to stand 4 minutes at room temperature before
oxalation.

Coag. time of sample
When recalcified at room temperature

A. Immediately 11 minutes
B. After 20 hours 6 ,
C. After 20 hours with thrombokinase added. 14 ,,

II. Blood allowed to stand 2i minutes at room temperature before oxalation.
Coag. time of sample

When recalcified on water bath at 43° C.

D. Immediately 35 seconds
E. After 20 hours 135 ,,
F. After 20 hours with thrombokinase added 40

It will be observed that both samples of oxalated blood which had
stood for 20 hours (B and E) gave on recalcification a coagulation time
which was approximately normal taking into consideration the tem-
perature to which they were exposed. In short their samples behaved
in a manner similar to freshly shed blood. Whereas both the samples
of the blood which were recalcified immediately (A and D) clotted very
rapidly on additions of calcium in a time comparable to that given by
the 20 hours samples on the addition of thrombokinase before recalcifi-
cation (C and F).

The conclusions to be drawn may be stated as follows.
1. Prothrombokinase is not destroyed in oxalated blood on stand-

ing (B and E).
2. Thrombokinase is destroyed in oxalated blood on standing (cf.

A and D with B and E).
3. The maintenance in oxalated blood of its power of coagulating

on recalcification is dependent on the presence of prothrombokinase.
4. The almost complete disappearance in serum of coagulant

activity in 20 hours (Table X) is explained by the fact that this
activity is due to thrombokinase and not to prothrombokinase.

The next table is given to illustrate the rate of disappearance
of thrombokinase from blood oxalated three minutes after it was
shed.
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TABLE XV. When recalcified

Immediately
Coag. time on water bath at 43° C.

60 seconds
A. 10 minutes later 75 ,,

B. 20 ,, ,, 105 ,,
C. 30 ,, ,, 105 ,,
D. 60 ,, ,, 150 ,,

E. Coag. time of freshly shed blood on water bath at 430 C. 150 seconds.

It will be observed that all the thrombokinase was destroyed in
60 minutes, this sample (D) giving the satne coagulation time as

freshly shed blood (E). The rapidity of destructive action shown
in this table suggests at least the possibility of a true anti-throm-
bokinase being present in blood. But before provisionally adopting
such a conclusion two facts must be taken into consideration. Firstly
the amount of thrombokinase present in this experiment was small as

shown by the coagulation time of the oxalated blood which was im-
mediately recalcified beinrg as long as 60 seconds (A). Secondly mere

rapidity of destruction cannot by itself be taken as indicative of a true
anti-body where the amount of the body originally present is small.
Before accepting the existence of a true anti-thrombokinase it would be
necessary to show that the thrombokinase which had disappeared could
not be liberated by dilution with water or some similar process, but
that it was irrevocably inactivated. An attempt to determine whether
such an inactivation is produced was made in the following experiments.
Blood was drawn and oxalated after three and a half minutes, samples
were then recalcified at intervals and their coagulation times noted at
room temperature.

TABLE XVI.
A.
B.
C.
D.
E.

F.
G.

When recalcified

Immediately
10 mins. later
20 ,,
30 it

60 ,,
75 ,,
20 hours.

Coag. time at room temperature

Two mins. and ten secs.

Three mins.
Three mins. and twenty secs.

Ditto.
Ditto.
Ditto.
Twelve mins.

After 60 minutes a sample of the oxalated blood was diluted with an equal bulk of
water and allowed to stand about three mins. = E W.

E'. EW recalcified. Coag. time, 5 mins.

After 20 hours a sample of the oxalated blood was diluted with twice its bulk of water
and at once recalcified.

G'. Coag. time, 7 mins.

Coag. time of freshly shed blood about 5 mins.

10-2
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The following statements summarise the results of these ex-
periments:

1. During the first twenty minutes a rapid disappearance of
thrombokinase occurred, followed by a period where no disappearance
was evidenced, followed again by a period in which a further disappear-
ance was shown (G).

2. In the case of the first disappearance dilution and incubation
with water gave no evidence of the reactivation of thrombokinase
which had disappeared (cf. E and E').

3. In the case of the later disappearance mere dilution with
water gave evidence of the reactivation of thrombokinase (cf. G
and G').

The distinction thus shown between the earlier and the later
disappearance of thrombokinase we suggest can be explained on
the supposition that the earlier disappearance was due to a true
anti-thrombokinase and hence reactivation could not be produced,
whereas the later disappearance was due to the adsorption of throm-
bokinase by protein, a combination being formed which could be
dissociated by water thus allowing of the reactivation of the adsorbed
thrombokinase. Such a twofold mode of disappearance would occur
if only a small amiount of anti-thrombokinase were present in blood.

The long coagulation time shown on recalcification after twenty
hours (G) is probably due to the presence of only a small amount
of prothrombokinase, the greater portion of this body having been
converted into thrombokinase in the interval of 31 minutes before
the blood was oxalated after shedding, the thrombokinase formed
having been partly destroyed by anti-thrombokinase and the remainder
rendered inactive by adsorption by protein.

Prothrombokinase:-It has already been stated that oxalated
blood contains prothrombokinase. There is evidence that this body
exists in a state of suspension and not of solution. If oxalated blood
be allowed to stand for three days, the upper layers of plasma
will not coagulate on the addition of calcium, whereas the corpuscular
layer will coagulate on adding calcium. Hammarsten found a
similar condition to exist in horse's blood which had been kept on ice.
The following table shows the results we obtained.

TABLE XVII. Blood oxalated and allowed to stand 72 hours Coag. time at room temp.
A. Supernatant plasma recalcified No clot in 30 mins.
B. Ditto + thrombokinase Two mins.
C. Freshly shed blood+ thrombokinase 1i mins.
D. Corpuscular layer of the oxalated Seven mins.

blood recalcified
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These experiments show that the supernatant plasma is incoagu-
lable on the addition of calcium owing to the absence of prothrom-
bokinase (A and B), and that nothing else is wanting in the essentials
to coaguilation beyond calcium and thrombokinase (B and C). It
is a legitimate conclusion that prolonged standing has resulted in
the settlement of some suspension containing prothrombokinase. That
this suspension consists of platelets is extremely probable. We were
usually able to foretell by a microscopic examination of supernatant
oxalated plasmna whether the plasma would or would not coagulate
oxn the addition of calcium, the grounds of our prognosis being the
presence or absence of certain small bodies strongly resembling platelets.
In this way we were able to confirm the observations of Morowitz and
other observers that platelets are the source of thrombokinase. On
the supposition that platelets are present in any considerable numbers
in circulating human blood, the question naturally arises why
does not blood clot in the blood vessels, for the blood oni such a
supposition contains all the essentials to clotting-fibrinogen, pro-
thrombin, prothrombokinase and calcium. The only explanation avail-
able appears to be that on blood being shed a change occurs in
the platelets which renders their prothrombokinase content capable of
being acted upon by calcium to form thrombokinase. However it
is possible, as Buckmaster holds, that platelets are not present in
circulating human blood, if this be correct the above difficulty would
be non-existent. Whether the primary factor in coagulation be
a change in already formed platelets or whether it be the production
of platelets, depends on whether platelets be or be not constituents
of circulating blood. It is clear from the fact that blood clots when
shed that if platelets exist in circulating blood in the same number
as they do in shed blood, and if the prothrombokinase which they
contain is capable of activation by calcium, intravascular coagulation
would occur, since the amount of anti-thrombokinase present is not
sufficient to prevent the clotting of shed blood.

It will have been observed that nothing has been said as to the
tissues punctured by the nieedle being a source of thrombokinase.
'T'his omission must not be taken as implying a belief that none of the
thrombokinase in blood comes from this source. When blood flows
slowly there are reasons for believing that a considerable amount of
thrombokinase arises in this way. But in the experiments we have
described the facts pointed to prothrombokinase being the main source
of the thrombokinase, and as lhas been stated there are strong reasons
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for regarding this latter body as being associated with platelets. One
of these facts may be mentioned here. We have seen that the serum
obtained from blood which was oxalated immediately on shedding and
clotted with thrombin contained no thrombokinase (Tables VII and
IX) although tested shortly after coagulation (15 mins. after in
Table VII and 20 mins. after in Table IX). On the other hand
serum obtained from blood allowed to clot spontaneously contained
thrombokinase two hours after coagulation (Table X B). The difference
between these two sera lies in the fact that the first serum was
obtained from a blood which was oxalated immediately after shedding
and hence no prothrombokinase was converted into thrombokinase,
whilst the second serum was obtained from a blood which contained
calcium and hence could convert prothrombokinase into throm-
bokinase. In both cases the amount of anti-thrombokinase was
relatively to the other constituents of blood identical, the dilution with
oxalate and thrombin of the first serum not affecting this relation.
The thrombokinase present in the second serum is proof of the im-
portance of prothrombokinase as a source of thrombokinase in human
blood.

The absence of prothrombokinasel from a serum obtained from
oxalated blood clotted with thrombin is due to this body being in a
state of suspension and hence becoming entangled in the meshes of the
clot.

The presence of thrombokinase in a serum obtained from blood
which has clotted spontaneously indicates that thrombokinase is in a
condition of solution not of suspension.

The mode of action of thrombokinase.
In the light of recent work the questions concerned with anti-

coagulants in the blood involve a discussion of the mode of action of
thrombokinase. Countless experiments have rendered it certain that
tissue extracts (thrombokinase of Morowitz) in the presence of calcium
activate some body (prothrombin) which exists in blood to form thrombin.
This body (prothrombin) must accordingly undergo some change. There
are three ways in which a body can be changed:

1. Something may be added to prothrombin:-This is consistent with
the view that thrombin is a compound of prothrombin and thrombokinase,
cf. Ehrlich's theory of the reactioni of trypsinogen and enterokinase.

1 The inability to convert prothrombin into thrombin by the addition of calcium is
clearly a proof of the absence of prothrombokinase as well as of thrombokinase.
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2. Something may be taken from prothrombin :-There are two
ways in which this could be brought about. (a) Thrombokinase might
act as a ferment and split off some component of prothrombin, the
remaining portion forming thrombin under the influence of calcium.
(b) Thrombokinase might possess an affinity for some body combined
with prothrombin and remove this body, the liberated prothrombin then
forming thrombin under the influence of calcium. This surmise accords
with the theory of W. H. Howell as to the action of thrombokinase.

3. An alteration in the constituent atoms ofprothrombin may occur:
This view might be expressed by stating that thrombokinase converts
prothrombiri into an isotneric form which is converted into thrombin
under the influence of calcium.

Although it is impossible without elaborate and complex experiments
to determine which of these alternatives is correct, it is yet possible, in the
authors' opinion, in the light of experiments which are about to be
described to demonstrate the extreme improbability of W. H. Howell's
views as to the action of thrombokinase. His belief that a prothrombin-
anti-thrombin complex exists in the blood has already been discussed in
connection with the destructive action of water on prothrombin in serum.
It would be convenient to give here a r6sum= of his views. The
following statements express his opinions:-Anti-thrombin is combined
with prothrombin and prevents calcium from activating prothrombin
and forming thrombin. Thromboplastin (thrombokinase) qombines with
and neutralises anti-thrombin setting free prothrombin which is then
activated by calcium to form thrombin. Thromboplastin also breaks
down combination between anti-thrombin and thrombin. In additioni
to thromboplastin water also dissociates or weakens the prothrombin
anti-thrombin complex. The first experiments are concerned with
Howell's statement that thromboplastin (thrombokinase) breaks down
the combination between anti-thrombin and thrombin. Serum, throm-
bokinase and thrombin were incubated together for ten minutes, the
mixture was then oxalated and mixed with an equal bulk of oxalated
blood and the coagulation time was noted. A similar procedure was
adopted with a mixture of serum, thrombin and water. The experiment
was conducted at room temperature. The object in view was to
determine whether the presence of thrombokinase interfered with the
action of the anti-thrombin in the serum on the thrombin.

We thus failed to obtain any evidence of the suggested action of
thrombokinase. To further test the hypothesis serum and thrombokinase
were incubated together for five miciutes before incubation with thrombin,
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the coagulant activity of the latter mixture being tested after 5 and 15
minutes' incubation by oxalating it and mixing it with oxalated blood.
A precisely similar procedure was adopted in regard to an initial
mixture of serum and water. The experiment was conducted at room
temperature.

TABLE XVIII. Incubation Period.
10 minutes.

S+Th+K S+Th+H20
Oxalated + oxal. blood Oxalated + oxal. blood
No clot in 5 mins. Faint thread in 3i mins.

Not found again in 5 mins.
No evidence of thrombin Evidence of trace of thrombin.
No evidence that thrombokinase inhibits action of anti-thrombin.

S = serum. K = thrombokinase. Th= thrombin.

TABLE XIX. Serum and thrombokinase incubated 5 mins. = BK.
Serum and water incubated 5 mins. = SW.
SK and thrombin incubated 5 or 15 nmins. = SKT.
SW and thrombin incubated 5 or 15 mine. = SWT.

Incubation periods

5 minutes 15 minutes

SKT SWT SKT SWT
Oxalated + oxal blood Oxalated+oxal. blood Oxalated+oxal. blood Oxalated+oxal. blood
Clot in 95 secs., 'Well Clot in 95 secs., well Very small thread in No clot in 9 mins.
marked in 15 mins. marked in 20 mins. 4 mine. No bigger

in 9 mins.
Evidence of throm- Evidence of about Evidence of trace of No evidence of
bin same amount of thrombin thrombin

thrombin

Evidence of a minute loss of antithrombin in serum incubated with thrombokinase.

Although this table gives a minimum amount of support to Howell's
view yet the difference shown in anti-thrombin content between the
serum incubated with thrombokinase and that incubated with water is
so small that it cannot justify so far reaching a theory as that propounded
by Howell. Especially is this the case since we cannot exclude the
possibility of adsorption of anti-thrombin by the thrombokinase solution.

If the action of thrombokinase, as Howell suggests, were to free
prothrombin from anti-thrombin owing to its affinity for and power of
combining with the latter substance, it would have shown far more
signs of combination than the above experiment exhibits.
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The serum, as bas been seen, contains approximately the same

amount of anti-thrombin as blood. The amount of thrombokinase added
in this experiment if added to blood would have considerably diminished
its coagulation time. Therefore the amount of thrombokinase used was
amply sufficient to combine with the anti-thrombin present if such were
its method of action. That only a trace of anti-thrombin disappeared
we regard as very strong evidence that the coaguilant activity of throm-
bokinase is not dependent on its affinity for anti-thrombin. Apart from
the question whether thrombokinase combines with anti-thrombin, we
have already given reasons for denying the existence in the, blood of
a prothrombin-anti-thrombin complex.

GENERAL CONCLUSIONS.

The amnount of anti-thrombin present in blood is approximately the
same as the amount present in serum.

Rettger's statenment that thrombin is not a ferment is open to the
objection that the substance which he tested was not thrombin but
thrombokinase.

The difficulty of demonstrating the existence or non-existence of
anti-prothrombin in blood is dependent on its association with fibrinogen.
The difficulty of demonstrating its presence or absence in serum obtained
from oxalated blood clotted by thrombin is dependent on the apparently
inherent instability it exhibits.

Anti-thrombokinase is present in blood and serum in only small
amounts, and hence there is a difficulty in demonstrating its existenice.

Oxalated blood maintains its power of clotting because it contains
a precursor of thrombokinase, prothrombokinase, which exists in a state
of suspension, probably in platelets, and which is neither adsorbed nor
converted in thrombokinase.

Calcium plays a double r6le, firstly in the conversion of prothrombo-
kinase into thrombokinase, secondly in the activation of prothrombin by
thrombokinase.

The primary factor in the coagulation of human blood is either the
production of platelets or some change in the platelets. The first
alternative is correct if platelets are absent from circulating blood, the
second alternative if platelets are present in circulating blood.

No evidence was obtained that prothrombin is in a state of suspension
in oxalated blood.

143



144 B. J. COLLING WOOD AND M. T. MACMAHON.

Reasons have been given for doubting Howell's theory that throm-
bokinase has an affinity for anti-thrombin and breaks down a prothrombin-
anti-thrombin complex.

A summary of the conclusions arrived at can be given best by
enumerating the various factors of coaguilation and the anti-coaaulants
present respectively in freshly shed blood, oxalated blood, serum from
blood spontaneously clotted, serum from oxalated blood clotted by
thrombin, and in the same serum incubated with water.

Freshly shed blood.
Fibrinogen, prothrombin, calcium, prothrombokinase in platelets,

anti-thrornbin, ? anti-prothrombin, anti-thrombokinase.

O.valated blood.

(a) Oxalated immediately after shedding.
1. Immediately after oxalation.
The same contents as freshly shed blood except that calcium is

absent.
2. Three davs after oxalation.
The same contents as above, but prothrombokinase is confined to

lower layers.
(b) Oxalated a few minutes after shedding.

1. Immediately after oxalation.
Fibrinogen, prothrombin, prothrombokinase, thrombokinase, anti-

thrombin, ? anti-prothrombin, anti-thrombokinase.
2. One hour later.
The same contents as above, but diminished amount of throm-

bokinase.
3. A day later.
The same contents as above, but no thrombokinase.

Serum from blood spontaneously clotted.
(a) Immediately it is formed.
Thrombin, thrombokinase, calcium, anti-thrombin, ? anti-pro-

thrombin, anti-thrombokinase.
(b) A few hours later.
The same contents as above, but no throinbin and less ttlrom-

bokinase.
(c) A few days later.
The same contents as above but no thrombokinase.
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Serum from oxalated blood clotted by thrombin.

Prothrombin, anti-thrombin, ? anti-prothrombin, anti-thrombokinase.
Sometimes thrombin, and sometimes traces of fibrinogen.

The same serum incubated with water.

The same as above but no prothrombin.

Our thanks are due to Sir Almroth Wright for the facilities he very kindly gave for
the completion of one series of the experiments.


